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0.  N.  K.  SUMMARY  QUESTIONNAIRE 
Contract  N00014-7b-C-0015 

E.  W.  McDaniel  and  I.  R.  Gat  land,  Co-Principal  Investigators 
School  of  Physics,  Georgia  Institute  of  Technology 
Atlanta,  Georgia  30332 


1 . Contract  Poser i pt ion 

The  experimental  program  consists  of  measurements  of  the  mobilities  and 
long It ud inal  diffusion  coefficients  of  ions  in  various  gases  at  room  temperature. 
By  varying  the  energy  parameter  (K/N)  of  the  ions,  we  may  vary  the  average  ionic 
energy  from  the  thermal  value  at  300  °K  to  about  10  cV.  The  data  are  of  immediate 
practical  value  in  applications  involving  ionized  gases.  They  are  also  used  to 
test  theoretical  ion-neutral  interaction  potentials,  to  determine  directly  such 
interaction  potentials,  and  to  test  theories  of  ionic  transport  in  gases. 

During  the  coming  year,  we  propose  to  make  accurate  measurements  of  the 
mobilities  and  longitudinal  diffusion  coefficients  of  F , Br  , and  1 ions  in  Ne 
and  Ar  and  of  I,i*  and  Na*  ions  in  Kr  and  Xe  over  a wide  range  of  E/N,  and  to 
continue  the  program  of  obtaining  interaction  potentials. 

2 . Sci entific  Problem 

Our  measurements  of  transport  properties  of  ions  in  gases  provide  data  of 
immediate  practical  use  in  the  quantitative  analysis  of  electrical  discharges  in 
the  laboratory  and  in  the  explanation  of  various  natural  phenomena.  However, 
the  most  important  use  of  the  drift  velocity  data  will  be  to  generate  ion-neutral 
interaction  potentials  covering  a very  wide  range  of  ion-neutral  separation  dist- 
ance by  inverting  the  experimental  data.  The  interaction  potential  for  a two- 
particle  system  is  one  of  the  most  fundamental  properties  of  the  system.  It 
determines  the  mutual  scattering  behavior  of  the  particles  and  hence  the  transport 
properties.  The  interaction  potential  also  determines  many  properties  of  the 
system  that  is  formed  if  the  two  particles  can  temporarily  or  permanently  combine. 
In  the  case  of  radiative  processes,  for  example,  the  interaction  potentials  for 
the  upper  and  ground  states  of  a neutral  diatomic  molecule  or  ion  are  required 
for  the  determination  of  the  wave  functions,  transition  probabilities,  and 
spectral  features.  The  standard  beam  scattering  technique  used  to  obtain  infor- 
mation about  the  interaction  potential  for  an  ion-neutral  system  covers  a much 
smaller  range  of  separation  distance  than  docs  the  new  method  described  here. 

The  interaction  potentials  to  be  obtained  for  the  (halogen  and  alkali)  ion-rare 
gas  combinations  will  have  applications  in  excimer  lasers. 
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We  shall  also  calculate  from  our  measured  drift  velocities  the  zero-field 
mobilities  of  these  ions  in  various  gases  at  temperatures  ranging  from  300°K 
to  a.  10^  °K  by  the  techniques  we  have  described.  (See  E.  A.  Mason,  L.  A. 

Viehland,  H.  W.  Ellis,  D.  R,  James,  and  E.  W.  McDaniel,  "The  Mobilities  of  K+ 

Ions  in  Hot  Gases",  Phys.  Fluids  1J1,  1070  (1975)).  Finally  we  shall  use  our 
diffusion  coefficients  to  test  the  theories  of  diffusion  of  gaseous  ions  in 
electric  fields  which  have  been  developed  during  the  last  few  years.  (See 
L.  A.  Viehland  and  E.  A.  Mason,  Annals  of  Physics  91 , 499  (1975);  110,  287 
(1978).  S.  L.  Lin,  L.  A.  Viehland  and  E.  A.  Mason,  "Three-Temperature  Theory 
of  Gaseous  Ion  Transport",  Chem.  Phys.,  in  press.) 

3 . Scientific  and  Technical  Approach 

The  experiments  arc  performed  with  a drift  tube  mass  spectrometer,  by 
techniques  which  permit  accurate  measurements  to  bo  made  on  individual  ionic 
species  even  though  several  species  may  be  simultaneously  present  and  coupled 
by  ion-molecule  reactions.  The  drift  tube  gas  is  maintained  at  room  temperature, 
but  the  average  energy  of  a given  species  of  ion  can  be  varied  from  very  close 
to  thermal  energy  up  to  a maximum  of  about  10  eV  in  favorable  cases.  The 
average  energy  of  the  ions  of  a given  type  is  determined  by  the  parameter  E/N, 
where  E is  the  intensity  of  the  electrostatic  drift  field  and  N is  the  number 
density  of  the  neutral  gas  molecules  contained  in  the  drift  tube.  The  measurements 
are  made  as  a function  of  E/N. 

The  basic  measurement  made  is  of  the  arrival  time  spectra  for  each  separate 
ionic  species  in  the  drift  tube.  The  measurements  are  made  as  functions  of  drift 
distance,  electric  field  strength  (E)  in  the  drift  region,  number  density  of  gas 
molecules  in  the  drift  tube  (N),  and  the  energy  parameter  (E/N).  The  theoretical 
calculations  are  concerned  with  the  relation  between  the  ion-neutral  interaction 
potential  and  the  measured  values  of  the  mobilities  and  diffusion  coefficients. 

The  calculation  of  the  mobilities  is  based  on  a moment  solution  of  the  appropriate 
Boltzmann  equation  with  basis  functions  which  reflect  the  sometimes  high  random 
energy  derived  from  the  electric  field  and  the  non-symmetric  character  of  the 
ionic  velocity.  This  allows  the  mobility  data  to  be  used  to  test  theoretical 
potentials  and  also  to  serve  as  an  integral  part  of  an  iteration  technique  which 
determines  the  interaction  potential  directly  from  the  data. 

4.  Progress 

During  the  current  0.  N.  R.  contract  period,  we  have  measured  the  mobilities 
and  longitudinal  diffusion  coefficients  of  F , Cl  , Br  , and  1 in  Kr  and  Xe  and 


Cl  In  N2.  These  measurements  were  made  at  300°K  and  over  a substantial  range 
of  the  energy  parameter  E/N.  Our  data  are  the  first  to  be  obtained  for  the 
systems  listed  above.  These  studies  of  the  negative  halogen  Ions  required 
considerably  more  time  than  anticipated,  principally  because  of  the  difficulty 
in  obtaining  suitable  amounts  of  F ions  in  suitably  shaped  pulses  for  insertion 
into  the  drift  region.  However,  we  regarded  the  F ion-noble  gas  combinations 
as  important  enough  to  warrant  our  spending  the  time  required,  although  this 
decision  prevented  us  from  undertaking  the  additional  studies  of  Tl+  in  various 
gases  that  we  had  proposed  for  this  contract  period. 

The  interaction  potential  for  Cl  - Xe  has  been  determined  directly  from  the 
data,  and  similar  studies  for  Cl  - Kr  are  underway. 
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